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1 $2$ $3$ 3 ( 0-, 1-, 2-vortex flow
) Reynolds









$\frac{\partial v_{j}}{\partial x_{j}}=0$ , (1)
$\frac{\partial v_{i}}{\partial t}+v_{j}\frac{\partial v_{i}}{\partial x_{j}}=-\frac{1}{\rho}\frac{\partial p}{\partial x_{i}}+g(r)\alpha Tr_{i}+\nu\triangle v;$ , (2)
4$\frac{\partial T}{\partial t}+v_{j^{\frac{\partial T}{\partial x_{j}}}}=\kappa\triangle T$, (3)
$g(r)=(1-m)( \frac{R_{1}}{r})^{2}+m(\frac{r}{R_{1}})^{2}$ , (4)
$r$; $\alpha$ $m$
$(r, \theta, \phi)$
$r=R_{1}$ : $arrow v=R_{1}\Omega\sin\theta^{arrow}e_{\phi},$ $T=T_{0}+\triangle T$
$r=R_{1}+d$ : $arrow v=arrow 0,$ $T=T_{0}$
\rightarrow e
$\phi$ \phi $\Omega$
$(\partial/\partial\phi\equiv 0)$ $(r, \theta)$ \phi
2 $(r, \theta)$
Stokes $:\Psi_{tot}$
$v_{r}= \frac{1\partial\Psi_{t\circ t}}{r^{2}\sin\theta\partial\theta}$ $v_{\theta}=- \frac{l\partial\Psi_{tot}}{r\sin\theta\partial r}$
\phi $\omega_{tot}$
$v_{\phi}= \frac{\omega_{tot}}{r\sin\theta}$















$-2 \frac{\Omega R_{1}^{3}}{3R_{1}^{2}+3R_{1}+1}[\frac{(R_{1}+1)^{3}}{r^{3}}-1](\frac{\partial\omega}{\partial r}\cos\theta-\frac{1}{r}\frac{\partial\omega}{\partial\theta}sn\theta)$
$-2 \frac{l}{r^{2}\sin^{2}\theta}\omega(\frac{\partial\omega}{\partial r}\cos\theta-\frac{1}{r}\frac{\partial\omega}{\partial\theta}\sin\theta)$
$+PrD^{2}D^{2} \Psi+PrRag(7’)\frac{\partial T}{\partial\theta}\sin\theta$ (5)
$\frac{\partial\omega}{\partial t}$ $=$ $( \frac{\Omega R_{1}^{3}}{3R_{1}^{2}+3R_{1}+1})\frac{1}{r^{2}}[\frac{\partial\Psi}{\partial r}\{\frac{(R_{1}+1)^{3}}{r}-r^{2}\}2\cos\theta$
$+ \frac{\partial\Psi}{\partial\theta}\{\frac{(R_{1}+1)^{3}}{r^{2}}+2r\}\sin\theta]+\frac{1}{r^{2}\sin\theta}J(\phi, \omega)+PrD^{2}\omega$ (6)
$\frac{\partial T}{\partial t}$ $=$ $\frac{R_{1}(R_{1}+1)}{r^{4}\sin\theta}\frac{\partial\Psi}{\partial\theta}+\frac{1}{r^{2}\sin\theta}J(\Psi, T)+\triangle T$ (7)
$D^{2},$ $J(f, g)$
$D^{2}= \frac{\partial^{2}}{\partial r^{2}}+\frac{\sin\theta}{r^{2}}\frac{\partial}{\partial\theta}\frac{1}{\sin\theta}\frac{\partial}{\partial\theta’}$ $J(f)g)= \frac{\partial f}{\partial r}\frac{\partial g}{\partial\theta}-\frac{\partial f}{\partial\theta}\frac{\partial g}{\partial r}$
6$Ra$ Rayleigh $Re$ Raynolds $Ta$
$Ra= \frac{g\alpha\triangle Td^{3}}{\kappa\nu}$ $Re= \frac{R_{1}^{2}\Omega}{\nu}$ , $Ta=Re( \frac{d}{R_{1}}I^{\frac{3}{2}}$
(1) (B\’enard ) Rayleigh
(2)











$R_{1}=2,$ . $4$ (3)
Rayleigh
Rayleigh $R_{1}=2$ 2712 $R_{1}=4$
2175
B\’enard
Nusselt $R_{1}=2$ $\Omega$ $0\sim 30$
Rayleigh 2700\sim 2800
( 2 )(1) Nusselt Rayleigh
( 4) (2) Rayleigh Nusselt
( 5 )(3) Nusselt Rayleigh













Chandrasekhar S., 1961 Hydrodynamic and Hydromagnetic Stability, Ox-
ford Univ. Press
Gilman P. A., 1975 Linear Simulations of Boussinesq Convection in a Deep
Rotating Spherical Shell, Geophys. Astrophys. Fluid $Dyn$ . 32, 1331-
1352
Glatzmaier G. A., 1984 Numerical Simulations of Stellar Convective Dy-
namos. I The Model and Method, J. Comput. Phys. 55, 461-484
8Hart J. E., Glatzmaier G. A., and Toomre J., 1986 Space-laboratory
and numerical simulations of thermal convection in a rotaring hemi-
spherical shell with radial gravity, J. Fluid Mech. 173, 519-544
Marcus P. S. and Tuckerman L. S., $1987a$ Simulation of flow between
concentric rotating spheres. Part I. Steady states., J. Fluid Mech.
185, 1-30
Marcus P. S. and Tuckerman L. S., $1987b$ Simulation of flow between
concentric rotating spheres. Part II. Transitions., J. Fluid Mech. 185,
31-66
Miller T. L. and Gall R. L., 1983 Thermally Driven Flow in a Rotating
Spherical Shell: Axisymmetric States, J. Atomos. Sci. 40, 856-868
Schrauf G., 1986 The first instability in spherical Taylor-Couette flow, $J$ .
Fluid Mech. 166, 287-303
Young R. E., 1974 Finite-amplitude thermal convection in a spherical shell,





(1) Benard $\Omega=0$ ( $\not\equiv$ ) $\dot{\text{ }}$


















(3 ) Rayleigh $\Omega=$ 0(
) $\circ$ (a) $R_{1}=2,$ $m=4,$ $n=10$ . $\Psi$ $Ra=2712(b)R_{1}=4,$ $m=4,$ $n=16$ . $ffl_{u}$
$Ra=2175$
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